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ABSTRACT 


This  report  describes  a  new  procedure  for  measuring 
higher  intellectual  processes  in  the  chimpanzee.  The  fully 
automatic  equipment  employed  eliminates  continuous  monitoring 
by  the  experimenter  and  can  be  modified  readily  for  conducting 
similar  research  during  space  flight. 
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CARE  AND  HANDLING  OF  THE  SUBJECTS 

The  animal  experimentation  performed  in  this  study 
was  conducted  in  accordance  with  the  "Rules  Regarding  Animals", 
established  by  The  American  Psychological  Association  and  The 
American  Medical  Association. 
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THE  MEASUREMENT  OF  CONCEPT  FORMATION  IN  THE 

CHIMPANZEE  AND  ITS  RELEVANCE  TO  THE  STUDY 
OF  BEHAVIOR  IN  SPACE  ENVIRONMENTS 

I.  INTRODUCTION 

The  adequacy  and  reliability  of  ary  }  fe  support  system  of  a 
manned  space  vehicle  is  usually  judged  on  the  basis  of  its  operation 
with  infra- human  subjects,  and,  in  turn,  judged  to  be  safe  icr  man 
if  the  animal  subject  suffers  no  deleterious  physiological  effects  as 
a  result  of  exposure  to  the  environmental  parameters  afforded  bv 
the  system.  This  has  been  the  pattern  for  much  of  the  experimen¬ 
tation  on  the  environmental  fac*ois  associated  with  space  flight 
(Ref.  1).  Howe/er,  the  value  of  the  information  derived  from 
animals  participating  in  these  experiments  car.  be  greatly  increased 
if  behavioral  measures  are  added  to  the  standard  physiological 
appraisal  of  the  organism. 

While  the  env.rcnmental  insults  imposed  by  orbital  flight  may 
prove  disrupting  r.c  the  animal's  physic  logical  processes,  they 
may  m  no  way  afie  :t  ,ts  ability  to  perform  a  task  in  space  that 
it  has  learned  on  the  ground.  Corn  ersely,  a  decrement  in  per 
formance  is  likely  to  occur  during  a  period  of  apparent  norma 
physiological  functioning.  Thus,  by  obtaining  both  behavioral  and 
physiological  data,  a  better  estimate  can  be  made  of  the  ove’-al1. 
condition  cf  the  animal  dur  ng  actual  and  simulated  space  flight. 
This,  in  turn,  will  increase  the  reliabJ  ty  of  the  extrapolation  to 
man  when  similarly  exposed. 
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Although  laboratory  methods  for  determining  the  physiological 
state  of  an  animal  are  standardized  and  well  known,  this  is  not 
true  of  the  techniques  for  assessing  behavior.  Thus,  the  question 
is  raised  concerning  the  types  of  behavioral  measures  that  should 
be  employed.  And  when  oriented  toward  obtaining  these  measures 
during  space  flight,  the  answer  must  be  considered,  in  part,  in 
terms  of  the  species  involved,  the  time  available,  and  equipment 
required  for  obtaining  these  measures. 

These  factors  were  among  several  considered  in  the  complex 
avoidance  task  for  chimpanzees  described  in  an  earlier  report 
(Ref.  2).  The  purpose  of  this  p^per  is  to  describe  a  second  task 
for  chimpanzees  that  is  aimed  toward  measuring  higher  intellectual 
functioning  during  space  flight. 

II.  METHODS 

A.  Subjects 

Two  female  chimpanzees,  Number  3  and  Number  52, 
served  as  subjects.  At  the  beginning  of  the  study  they  weighed  67 
and  51  pounds,  respectively.  These  animals  had  served  as  subjects 
in  physiological  experiments;  however,  they  had  never  participated 
in  any  behavioral  investigations.  Since  the  subjects  were  not  born 
in  captivity,  their  ages  could  not  be  determined  accurately; 
however,  on  the  basis  of  dental  eruptions,  it  was  estimated  that 
subjects  3  and  52  were  10  and  4  years  of  age,  respectively.  Each 
subject  was  given  a  physical  examination  weekly. 

B.  Apparatus 

Two  identical  steel  chambers  were  used  and  served  the 
dual  purpose  of  living  quarters  and  test  chamber.  Each  subject 
remained  in  its  respective  chamber  throughout  the  course  of  the 
investigation 
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Each  chamber  was  37  inches  long,  29  inches  wide,  ar.d  51 
inches  high  (interior  dimensions)  and  was  illuminated  by  a 
25-watt  houselight,  an  exhaust  fan  was  mounted  on  top  of  the 
chamber.  Three  In-line  Digital  Displays*  were  mounted  on  the 
wall  of  the  chamber  so  that  the  ground-glass  projection  surface 
was  flush  with  the  interior  chamber  wall.  These  displays  were 
arranged  in  a  horizontal  row  21  inches  above  the  chamber  floor; 
the  distance  between  displays  was  2-3/4  inches.  All  displays 
were  capable  of  presenting  one  of  three  white  symbols  on  the 
one  inch  by  one  and  one  fourth  inch  black  ground-glass  surface, 
the  symbols  used  in  the  present  study  were  a  circle,  triangle, 
and  square.  A  lever  seven-eighths  of  an  inch  in  diameter  and 
extending  3»  i/4  inches  from  the  chamber  wall  was  mounted  2-1/2 
inches  below  each  display.  To  the  left  of  the  displays  and  14-1/2 
inches  above  the  chamber  floor,  was  a  hopper  for  receiving  food 
pellets.  These  were  delivered  by  an  automatic  pellet  dispenser 
mounted  on  the  exterior  chamber  wall  above  the  hopper.  The 
spherical  food  pellets  which  were  specifically  designed  for  use 
in  this  dispenser  weighed  0.  67  grams.  **  A  photograph  of  the 
chamber  is  shown  in  Figure  1.  Water  was  available  ad  libitum 
throughout  the  experiment. 


*  The  In-line  Digital  Display  is  manufactured  by  Industrial 
Electronic  Engineers,  Inc.,  5528  Vineland  Avenue,  North 
Hollywood,  California. 


The  pellet  dispenser  is  manufactured  by  Formger  and  Co., 
Rockville,  Maryland.  The  pellets  are  the  product  of  Deitrich 
and  Gambrill,  Frederick,  Maryland. 
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FIGURE  1.  CHIMPANZEF  TEST  CHAMBER 


Presentation  of  the  symbols  on  the  displays  was  accom¬ 
plished  automatic  illy  and  18  discrete  steps  were  required  in 
order  for  each  of  the  three  symbols  to  be  "odd"  with  respect  to 
the  other  two  1  like"  or  "distractor"  symbols  in  all  three  display 
positions,  the  order  of  presentation  is  presented  in  Table  I.  Pro¬ 
gramming  of  the  time  between  presentations,  reward  delivery, 
md  response  recording  was  accomplished  with  standard  com¬ 
mercial  operant  conditioning  equipment. 

C  Procedure 

Following  a  food  deprivation  period  of  30  hours,  each 
subject  was  placed  in  its  chamber  and  magazine  training  was  given 
for  one  day.  This  consisted  of  presenting  an  "odd"  symbol  without 
the  distractors  for  five  seconds.  The  display  was  then  turned  off 
and  a  food  pellet  was  delivered  into  the  hopper.  The  procedure 
was  repeated  at  60  second  intervals.  The  symbols  were  presented 
in  the  order  and  display  position  shown  in  Table  I.  Using  this 
procedure,  subjects  Number  3  and  Number  52  received  97  and 
103  pellets  respectively. 

For  the  next  four  days  the  arrangement  of  symbol  presentation 
was  the  same  is  during  the  magazine  training,  however,  the 
symbol  remained  illuminated  until  the  subject  pressed  the  lever 
under  the  display  on  which  it  appeared.  When  this  response  was 
made,  a  food  pellet  was  delivered  and  the  symbol  for  the  next 
set  was  presented.  Responses  on  either  of  the  other  two  levers 
caused  the  symbol  to  disappear  momentarily  and  then  to  reappear 
without  moving  to  the  next  set.  Each  subject  was  allowed  450 
food  pellets  per  day. 
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TABLE  I 


ON  £  CROUP  OK  STIMULUS  SETS 
IN  ORDER  OK  PRESENTATION 


STIMULUS 

SYMBOL  ON  DISPLAY 

Sfc  I 

1 

2 

j 

1 

O 

A 

o 

2 

A 

A 

o 

i 

O 

O 

□ 

4 

A 

O 

° 

5 

A 

O 

A 

. 

□ 

a 

A 

7 

o 

a 

a 

0 

A 

□ 

□ 

H 

A 

A 

□ 

10 

a 

o 

□ 

II 

□ 

A 

A 

12 

o 

a 

O 

1) 

o 

o 

A 

14 

o 

A 

A 

lb 

A 

a 

A 

lb 

a 

c 

O 

17 

□ 

A 

□ 

IB 

a 

a 

O 

Following  this  period,  and  throughout  the  remainder  of  the 
experiment,  symbols  were  presented  on  all  three  displays  as 
shown  in  Table  I.  When  the  lever  was  pressed  under  the  display 
having  the  "odd"  symbol,  a  pellet  was  delivered;  two  seconds 
later  the  next  set  was  presented.  When  errors  occurred,  i.  e. 
if  either  of  the  levers  under  the  displays  having  "like"  symbols 
was  pressed,  no  reward  was  delivered  and  all  displays  were 
turned  off  for  one  minute;  following  this  delay  period,  the  same 
set  of  symbols  was  presented  again. 
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A  correct  response  was  required  for  each  set  of  symbols 
before  the  next  set  was  presented.  During  the  early  stage  of 
training  each  subject  was  given  25  groups  of  18  stimulus  sets 
daily;  this  amounted  to  450  food  pellets.  Because  it  was  observed 
that  the  accuracy  of  the  discriminations  appeared  to  diminish 
toward  the  end  of  the  test  session,  the  number  of  trials  was 
reduced  to  20  groups  of  18  sets  each.  This,  in  turn,  reduced 
the  number  of  reinforcements  to  360  per  day.  The  experiment 
was  terminated  after  50  days  when  it  became  obvious  that  the 
subjects  had  reached  their  maximum  performance  level. 

Performance  levels  were  determined  daily  by  the  following 
ratio: 

_  ,  ,  Total  correct  responses 

Performance  level  = - — - - - - - 

Total  responses 

III.  RESULTS  AND  DISCUSSION 

The  oddity  technique  employed  in  this  study  has  been  used 
extensively  with  both  animal  and  human  subjects  to  measure 
concept  formation  (Ref.  3).  Problems  nearly  identical  to  those 
used  in  this  study  are  incorporated  into  the  Revised  Stanford- 
Binet  Intelligence  Test  (Ref.  4)  for  children  at  the  4-1/2  year 
mental  age  level.  This  technique  has  also  been  used  with  monkeys 
(Ref.  5)  and  chimpanzees  (Ref.  6).  However,  each  of  these  in¬ 
vestigations  contains  a  procedure  which  precludes  the  employment 
of  this  task  during  space  flight;  an  experimenter  is  required  to 
present  the  stimuli,  deliver  rewards,  and  record  responses. 
Needless  to  say,  such  a  procedure  could  not  be  employed  during 
space  flight. 
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However,  one  of  the  moet  outstanding  features  of  modern 
operant  conditioning  is  the  complete  elimination  of  the  experimenter 
variable  (Ref,  7).  The  subject  performs  in  a  sound- attenuated 
chamber  on  different  reinforcement  schedules  and  is  rewarded  for 
its  behavior  by  automatic  devices  capable  of  delivering  either 
food  pellets  or  liquid;  likewise,  programming  and  response 
recording  is  accomplished  by  automatic  equipment;  the  only  direct 
contact  the  experimenter  has  with  the  subject  is  when  placing  it 
in  the  experimental  environment. 

Taking  this  procedure  as  a  starting  point,  the  chamber 
described  above  was  constructed.  Utilizing  the  In-line  Digital 
Display  in  conjunction  with  the  commercial  operant  conditioning 
programming  equipment  and  reinforcement  devices,  the  necessity 
for  the  continuous  presence  of  the  experimenter  was  eliminated. 

The  results  obtained  with  this  procedure  are  shown  in  Figure  2. 

These  data,  which  are  typical  of  most  acquisition  curves,  demon- 
» 

strate  that  the  task  was  learned  in  relatively  short  time  and  that 
the  performance  at  the  asymptotic  portion  of  the  curve  was  at  a 
high  level  with  little  day-to-day  variation.  As  stated  previously, 
an  incorrect  lever  press  caused  the  displays  to  be  turned  off  for 
one  minute,  and  any  responses  during  this  period  further  delayed 
their  appearance.  During  the  early  stages  of  training  both  subjects 
made  a  large  number  of  responses  in  the  absence  of  the  stimulus; 
however,  as  the  task  was  learned  the  number  of  these  responses 
gradually  diminished  until  no  responses  were  made  in  the  absence 
of  the  stimulus.  With  a  more  elaborate  experimental  design  this 
procedure  can  be  used  for  measuring  higher  intellectual  functioning 
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TUT  ((((ION 


Figure  2.  Acquisition  of  the  Oddity  Concept  with  Three 
Stimulus  Variables 

in  animals  during  space  flight.  The  problems  of  miniaturiz¬ 
ing  and  transistorizing  the  programming  equipment  can  be 
readily  solved  by  engineers;  a  pellet  dispenser  that  will 
operate  during  weightlessness  is  currently  being  tested  in 
this  laboratory,  and  the  suppliers  of  the  In-line  Digital  Displays 
have  developed  a  smaller,  more  rugged  unit  which  will  with¬ 
stand  the  environmental  insults  imposed  by  space  flight. 
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Based  upon  observations  following  the  experiment  it  was  the 
opinion  of  the  attending  veterinarian  that  these  subjects  suffered 
no  obvious  prolonged  adverse  effects.  The  basic  diet  of  food 
pellets  was  supplemented  with  two  pieces  of  fruit  daily,  either 
an  apple,  orange,  or  banana  and  a  600-Calorie  fluid  supplement. 
Under  this  regimen  subjects  3  and  52  lost  seven  and  five  pounds 
respectively,  during  the  50  day  period.  Aside  from  this,  no 
adverse  physical  changes  were  observed. 

In  addition  to  the  advantages  stated  previously,  the  procedures 
employed  in  this  investigation  are  readily  applicable  to  the  labora¬ 
tory  study  of  higher  intellectual  functioning  in  primates.  From 
this  study  and  on  the  basis  of  those  in  progress  it  is  apparent  that 
the  apparatus  is  capable  of  measuring  the  same  factors  as  the 
W  isconsin  General  Test  Apparatus  (Ref.  8),  a  device  that  has  been 
used  as  a  standard  for  over  20  years.  More  important,  it  elimi¬ 
nates  the  time  consuming  requirement  of  the  experimenter' s 
presence.  The  speed  of  presenting  the  stimuli,  delivering  the 
reward  and  recording  the  results,  permits  a  greater  amount  of 
experimentation  in  a  shorter  period  of  time. 


10 


REFERENCES 


Rohles,  F.,  "Behavioral  Measurements  on  Animals 

Participating  in  Space  Flight",  AFMDC  Technical  Note 
60-5,  Holloman  Air  Force  Base,  New  Mexico,  March, 
i960. 

Belleville,  R.E.,  F.H.  Rohles.  and  M.E.  Grunzke,  "Complex 
Avoidance  Behavior  in  the  Chimpanzee  and  its  Application 
to  the  Study  of  Space  Environments",  AFMDC  Technical 
Report,  Holloman  Air  Force  Base,  New  Mexico.  (In  press 

Leeper,  R.,  "Cognitive  Processes",  InS.S.  Stevens  (Ed.) 
Handbook  cf  Experimental  Psychology.  New  York: 

John  Wiley  and  Sons,  Inc.  1951  Pp.  730-757. 

Terman,  L.  M.  and  M.  A.  Merrill,  Measuring  Intelligence. 
Boston:  Houghton- Mifflin,  1937. 

Robinson,  E.  W.,  "A  Preliminary  Experiment  on  Abstraction 
in  a  Monkey",  J.  Comp.  Psychol.,  1933,  16,  231-236. 

Nissen.  H.  W.  and  P.  McCullough,  "Equated  and  Non-equated 
Stimulus  Situations  in  Discrimination  Learning  in  Chimpan 
zees.  III.  Prepotency  of  Response  to  Oddity  Through 
Training1.',  J.  Comp.  Psychol.,  1937,  23,  377-381. 

Ferster,  C.  B..  "The  Use  of  the  Free  Operant  in  the  Analysis 
of  Behavior",  Psychological  Bulletin,  1953,  j>C,  263-274. 

Harlow,  W.H.  andJ.A.  Bromer,  "A  Test  Apparatus  for 
Monkeys",  Psychol.  Rec.  1938,  2,  434-436. 


DI  ST RI BUT I ON 


ARDC  (RDMTI-J )  1 

Andrews  AFB 
Wash  25  DC 

ARDC  (RDMTI-2)  1 

Andrews  AFB 
Wash  25  DC 

Hq  USAF  (.AFCIN-3T)  1 

Wash  25  DC 

H'«i  USAF  (AFDRD-HF)  1 

Wash  25  DC 

AFMDC  (Tech  Library  MU-135)  1 

Patrick  AFB  Fla 

APGC  (PGTRIL )  1 

Eglm  AFB  Fla 

AFCCDD  (CCSTN )  1 

Bedford  Mass 

AFFTC  (FTOTL)  1 

Edwards  AFB  Calif 

AFOSR  (SRRI )  1 

Wash  25  DC 

AFSWC  (SWOI)  1 

Kirtland  AFB  NMex 

AU  (AUL  -6008)  1 

Maxwell  AFB  Ala 

ASTIA  (TIPDR)  30 

Arlington  Hall  Station 
Arlington  12  Va 

AEDC  (AETRI )  1 

Arnold  AF  Sta  Tenn 

OTS  1 

Dept  of  Commerce 
Wash  25  DC 

RADC  (RCOIL-2 )  1 

Griffiss  AFB  NY 

HQ  USAF  (AFCIN-XID)  1 

Wash  25  DC 


WADD  (WCOSR )  1 

Wright-  Patterson  AFB  Ohio 

WADD  (WCOSI )  1 

Wright  Patterson  AFB  Ohio 

WADD  (WCLOO  -2  )  5 

Wright  -Patterson  AFB  Ohio 

Central  Intelligence  Agency  2 


ATTN ;  OCR  Mail  Room 
2430  E  Street  NW 
Wash  25  DC 

Dept  of  the  Navy  1 

Bureau  cf  Ordnance  (Sp-401 ) 

Wash  25  DC 

Institute  of  Aeronautical  Sciences  1 
ATTN:  Lib 'ary  Acquisition 

New  York  21  NY 

Dept  of  the  Navy  1. 

Office  of  Naval  Research 
ATTN  Code  *+63 
Wash  25  DC 

Dept  of  the  Navy  1 

Naval  Research  Laboratory 
ATTN:  Director,  Code  53^0 

Wash  25  DC 

Commandirg  Officer  1 

Diamond  Ordnance  Fuse  Laboratories 
ATTN,  Technical  Reference  Section 
(ORDTL  06„33) 

Wash  25  DC 

U,S„  Na<ral  Inspector  of  Ordnance  1 

Lockheed  Missile  Division 
P.  0»  Box  504 
Sunnyvale  Calif 

USAFA  (Director  of  the  Library)  2 

USAF  Academy  Colo 

Analytic  Services,  Inc«  1 

1101  North  Royal  Street 
Alexandria  Va 

Hq  USAF  (AFCIN-X5)  1 

Wash  25  DC- 


Boeing  Airplane  Company 
Aero-Space  Division 
Library  13-84 
Seattle  24  Wash 

Commander 

Army  Rocket  and  Guided  Missile 
Agency 

ATTN:  Tech  Library 

Redstone  Arsenal  Ala 

Commanding  General 
ATTN  ORDBS-OM-TL  312 
White  Sands  Missile  Range 
NMex 

Lt  Col  K.  Bo  Dobson 
Ordnance  Mission 
British  Liaison  Office 
White  Sands  Missile  Range 
NMex 

National  Library  of  Medicine 
ATTN:  Library  Acquisition 

Samuel  Lazerow 
Wash  25  DC 

Defense  Research  Member 
Canadian  Joint  Staff 
ATTN  Dr.  M.  G.  Whillans 
Director  of  Biosciences  Research 
Wash  8  DC 

thru 

ARDC  (RDMTI-1 ) 

Andrews  AFB 
Wash  25  DC 

Cornell  Aeronautical  Labs , Inc , 
4455  Genesee  Street 
Buffalo  21  NY 

Director 

Armed  Forces  Institute  of  Pathology 
Walter  Reed  Army  Medical  Center 
ATTN:  Deputy  Director  for  the 

Air  Force 
Wash  25  DC 

Director 

Walter  Reed  Army  Institute  of 
Research 

ATTN:  Neuropsychiatry  Division 
Wash  25  DC 


1  NASA  1 

ATTN:  Biology  and  Life  Support 

System  Program 
1520  H  Street  NW 
Wash  25  DC 

1 

NASA  6 

ATTN:  Chief,  Division  of  Research 
Information 
1520  H  Street  NW 
Wash  25  DC 

1 

School  of  Aviation  Medicine  1 

USAF 

Brooks  AFB  Tex 

1  Commander  1 

IKS.  Naval  Missile  Center 
Point  Mugu  Calif 

Commander  2 

Naval  Air  Development  Center 
3  ATTN:  Director,  AMAL 

Johnsville  Pa 

Headquarters  1 

U.S.  Army  R&D  Command 

1  Main  Navy  Building 

ATTN:  NP  and  PP  Research  Branch 

Wash  25  DC 

Commanding  Officer  1 

U.S.  Army  Medical  Research  Lab. 
ATTN:  Psychology  Division 

Fort  Knox  Ky 

Commanding  General  2 

Research  &  Development  Division 
Dept  of  the  Army 
Wash  25  DC 

2  Director  1 

Naval  Research  Laboratory 

Wash  25  DC 

Director  2 

Office  of  Naval  Research 
Wash  25  DC 

1 

Lockheed  Missile  and  Space  1 
Division 

Subsystem  L  Department 
Palo  Alto  Calif 


Commanding  General  1 

Engineer  R  &  D  Laboratories 
ATTN  Technical  Documents  Center 
Fort.  Bel  voir  Va 

Commanding  Officer  2 

U,S,  Navai  School  of  Aviation 
Me  di c ine 
Pensacola  Fla 

Sp&^e  Technology  Laboratories.  1 

Inc  orporate  d 

ATTN  Library 

Po0„  Box  95001 

Los  Angeles  45  Calif 

Medical  Records  Section  1 

Room  325 

Division  of  Medical  Sciences 
National  Academy  of  Sciences 
National  Research  Council 
2101  Constitution  Aver.ue  NW 
Wash  25  DC 

Aviation  Crash  Injury  Research  1 

of  the 

Flight  Safety  Foundation 
2713  East  Airline  Way 
Sky  Harbor  Airport 
Phoenix  An  2 

Libranan  1 

National  Institute  of  Health 
Bethesda  Md 

Librarian  I 

U  S  Naval  Research  Cente' 

Be  thesda  Md 

Director  3 

Langley  Research  Center 

NASA 

ATTN  Librarian 
Langiey  Field  Va 

University  of  California  1 

Medical  Center 
ATTN  Biomedical  Library 
Los  Angeles  24  Calif 

Librarian  1 

Quarterly  Cumulative  Index  Meaicus 

American  Medical  Association 
535  North  Dearborn  Street 
Chicago  Ill 


The  Rockefeller  Institute  1 

Medical  Electronics  Center 
66th  Street  and  New  York 
New  York  21  NY 

United  States  Armed  Forces  1 

Medical  Journal 
Medi'.al  Technicians  Bulletin 
2300  E  Street  NW 
Wash  25  DC 

NORAIR  Division  of  Northrop  Corp.  1 
ATTN  Bioastronautics  Branch 
1001  East  Broadway 
Hawthorne  Calif 

Ne w  Me xi '  O  State  University  of  1 

Agriculture.  Engineering,  and 
Science 

ATTN1  Librarian 
University  Park  NMex 

501.0th  Air  Base  Squadron  1 

5010th  Air  Base  Wing 
United  States  Air  Force 
APO  937  Seattle,  Wash„ 

Princeton  University  1 

The  James  Forrestal  Research 
Center  Library 
Princeton  NJ 

Command  Surgeon  (ADCSG)  1 

Hq  Air  Defense  Command 
Ent  AFB 

Colorado  Springs  Colo 
LOCAL 

Air  Force  Missile  Development  Center 


ATTN  MDT  1 

MDW  1 

NLO  1 

MDGF  1 

MDNH  1 

MDWM  170 

MDGRT  2 

MDGRT-1  3 


Holloman  AFB,  New  Mexico 


